INTRODUCTION 1 with 1 % Triton X-100, samples were ultracentrifugated as described in (i). Then, biotinylated 1 proteins were precipitated using streptavidin beads and subjected to SDS-PAGE and 2 subsequent immunoblotting. (iii) Spikes of recombinant VSV∆G/LASV-GP. Purified 3 VSV∆G/LASV-GP virions were lysed in an equal volume of MNT buffer containing 1 % 4 Triton X-100 at 4 °C for 5 h. Samples were subjected to sucrose gradient centrifugation and 5 analysed as described in (i). (iv) Secreted ectodomain of GP-2. Soluble GP-2 expressed in 6 insect cells was concentrated, dialyzed against PBS def , pre-cleared by low-speed 7 centrifugation (3 000 x g for 15 min at 4 °C), and then subjected to ultracentrifugtion in an 8 SW60 rotor (Beckman) at 165 000 x g for 18 h through a 0-20 % (w w -1 ) sucrose gradient 9 without addition of any detergent. Aliquots of each gradient fraction were analyzed by SDS-10 PAGE followed by immunoblotting. The marker proteins (ribonuclease, chymotrypsinogen A, 11 ovalbumin, bovine serum albumin, and aldolase) for gradient ultracentrifugation were 12 purchased from GE Healthcare. 13 14 Chemical crosslinking. 15 Purified LASV, VSV∆G/LASV-GP particles or purified, soluble GP-2 were incubated in the 16 presence of the indicated concentrations of N-γ-maleimidobutyryloxy-sulfo-succinimide-ester 17 (sulfo-GMBS; Pierce) or ethylene-glycol-disuccinate-di(N-succinimidyl)-ester (EGS; Pierce) 18 at RT for 30 min. To deplete cholesterol from the viral envelope of VSV∆G/LASV-GP, 19 particles were treated with 10 mM MβCD (Sigma-Aldrich) at RT for 1 h prior to crosslinking. 20
All crosslinked proteins were subjected to SDS-PAGE followed by immunoblotting. 21
22

Infection assay using of MβCD treated virions. 23
Aliquots containing 10 6 plaque forming units in a 10 µl volume were mixed with 1 µl PBS def 24 containing different concentrations of MβCD and incubated at RT for 30 min. Cells were 25 infected at an MOI of 1 with pre-treated virions diluted in 1 ml serum-free cell culture 26 medium. At 1 h p. i., the inoculum was removed and cells were incubated either 10 h (for 1 VSV∆G/LASV-GP) or 48 h (for LASV) in cell culture media containing 2 % FCS. LASV glycoprotein, influenza hemagglutinin (HA) or VSV glycoprotein were isolated by 10 flotation according to a method described previously (11, 45) . Briefly, glycoprotein 11 expressing cells were lysed in 800 µl TBS buffer (10 mM ], 150 mM NaCl, 12 5 mM EDTA, Complete protease inhibitor) containing 1 % Triton X-100 (TBST) at 4 °C for 13 20 min. After cell homogenization via 15 passes through a 26-gauge needle, cell lysate was 14 adjusted to 48 % sucrose (w v -1 ) in TBST, placed at the bottom of an ultracentrifuge tube, 15 overlaid with 2 ml 35 % sucrose (w v -1 ) in TBST and topped with 500 µl 5 % sucrose (w v -1 ) 16 in TBST. The gradient was ultracentrifuged (137 000 x g, 18 h, 4 °C) in an SW55 rotor 17 (Beckman) and divided into nine equal fractions collected from the top, which were then 18 subjected to SDS-PAGE and immunoblot analyses. 19
Alternatively, detergent-soluble and -insoluble membranes were separated into two 20 fractions by centrifugation following Triton X-100 treatment. For this, cells were scraped in 21 PBS def and pelleted at 3 000 x g for 5 min. Pellets were resuspended and incubated in ice-cold 22 TNE buffer (25 mM Tris-HCl [pH 7.5], 150 mM NaCl and 15 mM EDTA) containing 0.5 % 23
Triton X-100 at 4 °C. Detergent-soluble and -insoluble material was fractioniated by 24 centrifugation (20 000 x g, 4 °C, 30 min). After resuspending insoluble material in RIPA 25 buffer (20 mM Tris [pH 8.5 ], 150 mM sodium chloride, 10 mM EDTA, 1 % Triton X-100, 26 1 % deoxycholate, 0.1 % SDS, 5 % Trasylol) aliquots were taken, separated by SDS-PAGE 1 and analysed by immunoblotting. For detection of the DRM marker GM1, a small aliquot of 2 each fraction was dropped onto a nitrocellulose membrane. The dried membrane was blocked 3 with 10 % skim milk in PBS def and subsequently incubated with cholera toxin B conjugated to 4 horse radish peroxidase (HRP) (1:20 000, Sigma-Aldrich) in 1 % skim milk in PBS def with 5 0.1 % Tween 20. GM1 was detected using enhanced chemiluminescence (GE Healthcare) by 6 exposure to autoradiography film (Kodak BIOMAX). 7
RESULTS
2
Oligomers of Lassa virus glycoprotein spikes. 3
First, we investigated the oligomeric state of glycoprotein spikes on authentic LASV virions. 4
At 7 d post-infection, viral particles released into the cell culture supernatant from infected 5 Vero cells were purified over a 20 % sucrose cushion. The oligomeric status of glycoprotein 6 spikes on the surface of Lassa virions was examined by crosslinking analyses and subsequent 7
immunoblotting. Increasing crosslinker concentrations resulted in the appearance of three 8 GP-1 species while uncrosslinked virus contained only GP-1 monomers (Fig. 1 ). The 9 observed molecular weights correlated well with the calculated masses of monomers 10 (46 kDa), dimers (92 kDa) and trimers (138 kDa). Even at high crosslinker concentrations, we 11 still observe monomers in addition to oligomeric GP-1. This might be explained by 12 incomplete crosslinking, which would leave a certain amount of monomeric GP present on 13 the virus surface. Alternatively, detection of higher oligomers by the antibody may inefficient. 14 It should be noted that crosslinking of oligomeric forms of GP-2 failed, most likely because 15 GP-2 is masked by GP-1 and is, therefore, unaccessible (data not shown). In conclusion, these 16 data demonstrate that the authentic LASV spike complex exhibits a trimeric organization. 17
18
Oligomerization of Lassa virus glycoprotein expressed in mammalian cells. 19
Since only cleaved glycoprotein subunits are incorporated into virus particles (52), we next 20 wanted to know whether cleaved and non-cleaved glycoproteins differ in their oligomeric 21 state. To determine this, CHO-K1 cells expressing plasmid-encoded LASV GP were 22 solubilized 48 h post-transfection with Triton X-100 in the presence of iodoacetamide to 23 prevent artificial aggregation of GP. Cell lysates were separated by gradient 24 ultracentrifugation and the distribution of GP across the gradient was determined by SDS-25 PAGE and immunoblot analysis of gradient fractions. The majority of cleaved GP-1/GP-2 26 complexes were found in fractions 11 and 12 corresponding to the molecular weight of a GP 1 trimer (228 kDa) as determined by comparison with the molecular weight marker protein 2 catalase (230 kDa) (Fig. 2 A) . In contrast, non-cleaved GP-C is widely distributed over the 3 sucrose gradient, indicating that non-cleaved GP-C exhibits various oligomeric forms 4 (Fig. 2 A) . 5
Both the non-cleaved and cleaved forms of GP are transported to the cell surface of 6 both LASV-infected and GP-transfected cells (25, 52) . We wanted to determine the 7 oligomeric organization of GP-C at the cell surface. To address this question, we performed a 8 cell surface biotinylation assay followed by sucrose gradient centrifugation. As shown in Fig.  9 2 B, GP-C at the cell surface revealed a similar oligomerization pattern compared to the 10 distribution of totally expressed GP-C. 11
Taken together, these results demonstrate a trimeric state for mature LASV GP-1/GP- 2 12 complexes in contrast to non-mature GP-C, which forms a variety of oligomers. It is most 13 likely that after formation of various oligomers of GP-C in the ER, the cleaved GP-1/GP-2 14 complexes efficiently form trimeric complexes after maturation cleavage in the early 15 secretory pathway. In addition to the mature GP-1/GP-2 complexes, non-cleaved GP-C is also 16 transported to the plasma membrane, where it is present in a variety of oligomeric states. purified VSV∆G/LASV-GP particles were lysed with Triton X-100 and were either denatured 26 by SDS and heat treatment or left untreated. The samples were subjected to sucrose gradient 1 ultracentrifugation and GP distribution in the gradient was analysed by SDS-PAGE and 2
immunoblotting. The analysis of untreated VSV∆G/LASV-GP spikes revealed an 3 accumulation of GP-1/GP-2 complexes in fractions 10 and 11 (Fig. 3 A) . Consistent with the 4 presence of the molecular weight marker protein catalase (230 kDa) in these factions, this 5 result confirms the trimeric nature of mature spike complexes. A minor amount of monomers 6 was detected in fractions 4 to 6, co-migrating with the marker protein BSA (67 kDa). These 7 represent either disintegrated trimers due to the experimental procedure or GP molecules that 8 are present as monomers on the surface of virions. After denaturation by SDS and heat 9 treatment, trimeric spikes dissociated into monomeric GP-1 and GP-2, respectively, migrating 10 in fractions 4 to 6 (Fig. 3 A, lower panel) . GP-1 and GP-2 are present in the same fractions, a 11 finding that could be due either to the similar molecular masses, about 40 kDa, of both 12 glycoprotein subunits or because the GP-1/GP-2 monomers are still connected by disulfide 13 bridges, resulting in a protein complex with a molecular mass of 76 kDa. To analyse this 14 possibility, VSV∆G/LASV-GP virions were separated by SDS-PAGE under reducing and 15 non-reducing conditions, respectively. To avoid reduction due to diffusion of the reducing 16 agent, the two samples were run on opposite sides of the SDS-gel. The analysis of the GP-2 17 subunit revealed that independent of treatment by reducing agents GP-2 is separated as 18 monomer during electrophoresis, exhibiting a molecular mass of about 40 kDa (Fig. 3 B) . 19
This data demonstrates that GP-1 and GP-2 are not connected through disulfide bridges. 20
The obtained results clearly show a trimeric status of cleaved LASV GP-1/GP-2 21 complexes on the surface of recombinant VSV virions. The examination of these complexes 22
indicates that unlike LCMV glycoprotein the LASV GP1/GP2 heterodimers are not linked by 23 disulfide bonds to form trimeric complexes (14, 31). However, consistent with results 24 described for LCMV, GP-1 is non-covalently associated with 24, 31, 57) . 25
Quarternary structure of native GP-2 ectodomain. 1
The membrane-anchored subunit GP-2 is responsible for membrane fusion during virus entry. 2
Its quaternary structure was predicted to be trimeric, which has been demonstrated for a 3 truncated and non-glycosylated form of the LCMV glycoprotein ectodomain expressed in 4 E. coli (31). In order to determine the quaternary structure of a full-length N-glycosylated 5 ectodomain of LASV GP-2, we used sucrose gradient ultracentrifugation and chemical 6 crosslinking analysis. For this, we generated a eukaryotic expression system using D. 7 melanogaster Schneider II cells in which native GP-2 ectodomains (designated 8 GP-2∆TM/∆cyt) were secreted as an N-glycosylated form in sufficient amount to allow 9 further analysis. Oligomers of GP-2∆TM/∆cyt were separated in a sucrose gradient under 10 physiological conditions without detergent. Trimers of GP-2 were the predominant oligomeric 11 form, which was found in fraction 9 (Fig. 4 A) . The trimeric ectodomain of GP-2 expressed in 12 D. melanogaster cells has a calculated molecular mass of around 70 kDa, and it closely co-13 migrated with the marker protein BSA (67 kDa). After heat treatment in the presence of SDS 14 under non-reducing conditions, only monomers with a size of 22 kDa were detected, 15
indicating that GP-2 ectodomain trimers are not connected through disulfide linkage 16 (Fig. 4 A) . Independently the oligomeric state of the affinity-purified GP-2 ectodomains was 17 examined by crosslinking analysis confirming the trimeric state of GP-2∆TM/∆cyt (Fig. 4 B) . 18
The somewhat diffuse bands of the GP-2 ectodomain are due to incomplete glycosylation in 19 insect cells. Thus, a distinct protein band was observed only after treatment of GP-2 20 ectodomain by PNGase F (Fig. 4 C) . Altogether, these observations indicate that the complete 21 and N-glycosylated ectodomain of the GP-2 subunit forms trimers under native conditions. 22
23
Requirement for cholesterol in the viral envelope for Lassa virus infection. 24
For numerous viruses it has been shown that cholesterol within the viral envelope is essential 25 for virus infectivity, as it was first described for HIV-1 (15) . Here, we wanted to address 26 whether LASV also requires cholesterol in its viral envelope for successful infection. 1 Therefore, we performed cholesterol depletion experiments using methyl-β-cyclodextrin 2 (MβCD). Virions were treated with MβCD prior to infection of Vero E6 cells. Virus titers 3 were then analysed by TCID 50 at indicated times post-infection. Further, to examine whether 4
other Lassa viral factors in addition to the glycoprotein are important for virus infectivity 5 influenced by cholesterol, we compared LASV with recombinant VSV∆G/LASV-GP. 6
Following MβCD treatment both viruses showed impaired infectivity (Fig. 5 A) . The 7 infectivity of LASV decreases about 10 fold after maximum cholesterol depletion, whereas 8 the infectivity of VSV∆G/LASV-GP is 1 000 fold reduced. The infectivity of the control virus 9 VSV is also 1 000 fold decreased after MβCD treatment (data not shown), which is consistent 10 with previous studies (40, 79). 11
We wanted to further confirm the importance of cholesterol for virus infectivity by 12 restoring infection with MβCD treated viruses through the addition of exogenous cholesterol. 13
As shown in Fig. 5 B, the addition of exogenous cholesterol successfully reversed the 14 inhibitory effect of MβCD on LASV and VSV∆G/LASV-GP infection in a dose-dependent 15 manner, confirming that efficient virus infection requires cholesterol in the viral membrane. 16
To determine whether decreased infectivity caused by MβCD treatment is based on 17 impaired stability of LASV GP trimers, due to disruption or aggregation of glycoprotein 18 spikes, we examined the oligomeric properties of cholesterol depleted virions by crosslinking 19 analysis. For this purpose recombinant VSV∆G/LASV-GP virions were treated with MβCD 20 or were left untreated before crosslinker was added in increasing concentrations. However, no 21 differences in the oligomeric patterns were observed between cholesterol depleted and 22 untreated virions (Fig. 5 C) . 23
Taken together, these data show that LASV infectivity is impaired by depletion of 24 cholesterol from the virus envelope. However, a decrease in GP complex stability resulting in 25 decreased infectivity was not shown. GP function might also be affected by altered fluidity of 26 the viral envelope. Therefore, further studies investigating the lipid composition of the virus 1 envelope are needed. 2 3 Lassa virus budding from detergent-soluble membrane areas. 4
For the New World arenavirus Junin it has been recently shown that assembly of GP occurs in 5 detergent-soluble membrane microdomains (1). However, given the biological variations 6 among New World and Old World arenaviruses in terms of receptor usage and mechanisms of 7 cell entry, it is of interest whether these viruses also differ with respect to their assembly 8 platform at the plasma membrane. Moreover, the functional role of cholesterol within the 9 LASV envelope for virus infectivity described in the present study, led us to investigate the 10 association of viral proteins with detergent-resistant membrane microdomains (DRM) also 11 known as lipid rafts. These DRMs are characterized by their high content of cholesterol and 12 sphingolipids and their resistance to extraction with non-ionic detergents at low temperatures 13 (72). In order to isolate DRMs, CHO-K1 cells expressing plasmid-encoded LASV GP were 14 treated with TNE buffer containing 0.5 % Triton X-100 at 4 °C and detergent-soluble 15 fractions were separated from detergent-resistant fractions by sucrose gradient centrifugation. 16
Fractions were collected and analysed for the presence of GP by immunoblotting. Influenza 17 virus hemagglutinin (HA), which is known to associate with detergent-resistant membranes 18 and VSV G protein, which lacks DRM association, were used as markers (38, 68, 69) . 19
Western blot analyses revealed that both non-cleaved GP-C and cleaved GP-1/GP-2 20 complexes are present in detergent-soluble membrane fractions (Fig. 6 A, fractions 7 to 9) . 21
This result was also observed in other mammalian cell types, including Vero E6 and Huh 7 22 cells, indicating that sensitivity of LASV GP to detergent extraction is cell-type independent 23 (data not shown). 24
Since budding of arenaviruses is presumed to occur at the plasma membrane, we 25 performed cell surface biotinylation experiments with subsequent DRM extraction in order to 26 investigate the surface distribution of GP. For this, LASV GP was expressed in Huh 7 cells 1 and 24 h post-transfection cells were labelled with biotin. After biotinylation, cells were 2 treated with 0.5 % Triton X-100 at 4 °C and the detergent-soluble fraction was separated from 3 the detergent-insoluble fraction by centrifugation. Biotinylated proteins were precipitated 4 from both fractions using streptavidin-coupled sepharose and GP was visualized by 5 immunoblotting. As a control for the quality of DRM preparations, fractions were tested for 6 the presence of the DRM resident glycolipid GM1 by dot-blot analysis using HRP-conjugated 7 cholera toxin B. Both the precursor GP-C and the cleaved subunit GP-2 were detected on the 8 cell surface only in the detergent-soluble fraction, confirming the data obtained from analysis 9 of total cell lysate (Fig. 6 B) . of these fractions showed that both the precursor GP-C and the cleaved GP-2 subunit are 19 localized in infected cells in membrane areas that were sensitive to Triton X-100 (Fig. 6 C) . 20
The matrix protein Z was predominantly found in the detergent-soluble fraction and only a 21 small fraction remained in the detergent-insoluble fraction. In contrast, NP was present in 22 both fractions. However, the detergent-insoluble portion of NP might be explained by the tetramers and trimers (14, 31) . In this study, we investigated the oligomeric state of Lassa 8 virus (LASV) glycoprotein spikes using two independent approaches, sucrose gradient 9 ultracentrifugation and chemical crosslinking analysis. We defined the mature LASV 10 glycoprotein complex, as well as the spikes of recombinant VSV and plasmid-expressed 11 mature LASV glycoprotein, as trimeric. The mature LASV GP complex is composed of three 12 heterodimers, each formed by one GP-1 and one GP-2 subunit that are non-covalently linked. 13
Furthermore, we showed that the trimers of heterodimers are also formed by non-covalent 14 linkages. A trimeric status of mature glycoprotein spikes was described for a number of viral 15 fusion proteins requiring maturation cleavage prior to their fusion activation (18, 50, 74, 82, 16 83, 85) . 17
We further generated a soluble and N-glycosylated construct of the entire GP-2 18 ectodomain that is secreted from insect cells and assembles as a trimer under native 19 conditions, independently of other parts of the LASV glycoprotein. Our results are in 20 agreement with a structural prediction for the LCMV glycoprotein and with results obtained 21
by Eschli and co-workers for a non-glycosylated, truncated GP-2 ectodomain of LCMV 22 expressed by E. coli (31, 34) . These trimers containing only the membrane-anchored 23 ectodomain of class I fusion proteins most likely exist in a post-fusion state as six-helix 24 bundles consisting of three molecules, each possessing two α-helices (80). Such a 25 spontaneous formation of six-helix bundles is the result of the preferred low-energy state of 26 the post-fusion conformation, which was previously described by structural analyses of the 1 ectodomains of the membrane-anchored subunits HIV gp41, influenza virus hemagglutinin 2, 2 Ebola virus GP-2, parainfluenza virus F2, and the glycoprotein of Moloney murine leukemia 3 virus (Mo-55) (32, 41, 66, 81) . Thus, in this study we have demonstrated a trimeric state of 4 LASV GP in both its pre-fusion and post-fusion conformation. These characteristics are then 5 in agreement with the classification of LASV GP as a class I fusion protein (47, 73) . 6
In contrast to the trimeric organization of the mature glycoprotein complexes, we 7 observed a different oligomerization pattern for non-cleaved GP-C, which exhibited various 8 oligomeric forms and/or aggregates. Nevertheless, the various oligomers of non-cleaved 9 GP-C are transported to the plasma membrane similarly to trimeric GP-1/GP-2 complexes, 10 demonstrating that they are not aggregates accumulating in the ER due to misfolding. 11
However, despite the presence of the cleaved and non-cleaved GP on the cell surface of virus 12 infected cells, only cleaved GP-1/GP-2 complexes are inserted into nascent LASV virions 13 (25, 52). The underlying mechanism for the discrimination of cleaved and non-cleaved GP 14 during virus assembly is currently unknown. It is possible that the matrix protein Z of LASV 15 plays a critical role in the selective incorporation of mature glycoprotein complexes into 16 budding particles. However, this seems rather unlikely, since the selective incorporation of 17 cleaved glycoprotein subunits is also observed in a recombinant VSV expressing the 18 glycoprotein of LASV (present study and (55)). This indicates that structural rearrangements 19 in GP following proteolytic processing are an essential prerequisite for selective envelope 20 glycoprotein incorporation. We have previously shown that the precursor glycoprotein and the 21 cleaved subunits GP-1 and GP-2 differ in their glycosylation status. While immature GP-C 22 remains completely Endo H-sensitive, only the cleaved subunits acquired complex-type N-23 glycosylation (25). Future studies will need to elucidate whether this differential glycosylation 24 also contributes to selective GP incorporation into virions. 25
The cholesterol content within membranes is known to be crucial for oligomerization 1 of several protein complexes. For example, oligomerization of various cell surface receptors 2 is dependent on lipid rafts, which are cholesterol-rich membrane areas, characterized as 3 detergent-resistant membrane microdomains (DRMs) (7, 13, 67, 72, 84 ). An impact of 4 cholesterol on virus infectivity has been observed for a number of viruses including VSV, 5
Canine distemper virus, influenza virus, HIV-1, Borna disease virus, Hepatitis B and C (4, 9, 6 15, 20, 40, 76, 79) . In this report, we show that depletion of cholesterol from the LASV 7 envelope resulted in impaired virus infectivity. This observation is supported by the finding 8 that cholesterol addition following cholesterol depletion restores infectivity of virions. 9
Further, investigations of several viruses have revealed that cholesterol depletion results in 10 impaired fusion efficiency (6, 37, 76, 78) , which could be explained by the absence of a 11 stabilizing effect of cholesterol on the quarternary protein structure of the fusion protein. Such 12 structural effects of cholesterol on protein functions were shown for the receptors CC 13 chemokine receptor 5 and CXCR4 (58, 59). A possible dependence on cholesterol for the 14 quarternary structure of LASV GP was analysed by cholesterol depletion experiments with 15 subsequent crosslinking analyses of the oligomeric pattern of GP spikes. However, an effect 16 of cholesterol depletion on the stability of GP trimers could not be observed. Nevertheless, an 17 impaired fusion competence of LASV GP is possible, which also might be based on altered 18 fluidity of GP trimers within the lipid layer of the viral envelope membrane. 19
The impairment of virus infectivity by cholesterol depletion is observed to be much 20 lower for LASV than for VSV∆G/LASV-GP and VSV. This is probably linked to different 21 lipid compositions of LASV and VSV. The lipid compositions of viral envelopes are 22 dependent on the membrane areas from which viruses are released. VSV is suggested to bud 23 from detergent-soluble membrane areas. This was demonstrated by the localization of VSV 24 glycoprotein in detergent-soluble membrane areas and the observation that the cholesterol 25 content of VSV is significant lower than that of influenza virus, which is known to bud from 26 lipid rafts (38, 68) . In this report, we show that both membrane-associated Lassa viral 1 proteins, the glycoprotein and matrix protein Z, are located within detergent-soluble 2 membranes in LASV infected cells, strongly indicating that LASV buds from detergent-3 soluble membrane areas. Thus, LASV, VSV and VSV∆G/LASV-GP are all suggested to be 4 released from detergent-soluble membrane areas. Nevertheless, differences in the impact of 5 cholesterol on virus infectivity might relate to different lipid compositions independent of 6 detergent solubility. The lower dependence of virus infectivity on cholesterol of LASV 7 compared to VSV∆G/LASV-GP might reflect that either the matrix protein Z or a cooperation 8 of GP and Z are important for the lipid composition of LASV. This interplay was investigated 9
with VSV in previous studies. Here, the lipid compositions of vesicles differed when only 10 VSV glycoprotein or VSV matrix protein or both proteins were expressed (54). proteins were biotinylated before cell lysis. Lysates of biotinylated and non-biotinylated cells 18 were subjected to sucrose gradient ultracentrifugation. Biotinylated GP-C was precipitated 19 from gradient fractions using streptavidin-coupled sepharose beads. Both protein samples, the 20 biotinylated (broken line) and the non-biotinylated control (solid line), were subjected to 21 SDS-PAGE and immunoblotting using α-GP-2-C antiserum. 
